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632$i-26Gi 

Thin invention relatea to a method and apparatus fox 
heating aiv elongated space or a location con tiiinlnq an slcngatod 
h^ator, Kore particularly, the invention relates to an eXecrtricaJ 
i:eaifltanc:ft heater for heating an <i Long* tod su]>torr<ihcaa fcoruholo 
At rflt&ti which are different at different depths o{ th« borehole, 

ilt J.ft Jcnc«n to l>$ bonoficlal to us* oLoti?at<jd heaters 
auch welL heaters, for heating interval* ot subterranean e&rth 
£ ox-ma U Lorn;, plpo Interiors, or other elongated spaces. In various 
*itucition» r it is desirable to heat such ©paces at. relatively high 
10 tetnpe catuTftB lor relatively long tiftew. Beneficial rcaulto 
ohtsilrj9d by such heating may Include pyroliEiog oil sUala 
formations, coklcg oil to consolidate unconsolidated rowrvoir 
formations, coking oil to form electrically conductive carbonized 
zones capable of operating rb electrode* within a reservoir 
formation, thermally displacing hydrocarbons derived fro* oils or 
tars iuto production loeatil oas , preventing foraation ol hydr&t^d, 
pr*>; J.&itat* 5. or the tike in fluids which aro being produced from 
w*ll» and/or tr^vsuittfid through pipes, or thft liKe. 

The invention aiif.3 bo provide a heating apparatus vhich 
20 is capable of generating heat at different rates at dlffereut 
dapt.UP in a veil. 

In accordance with the invention there is provided In a 
process in which subterranean earth formations within nn inturvnl 
ffloro thnn 100 fost long are heated to a temperature of more than 
6Go°<:., ao that heat da injected frubstantially uniformly into that 
Interval, an improvement for constructing and Installing a heater 
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havinqr an electrical cable heating section which is free of 
Kp.Uces, ooupriiiijig; construct in tfuicl h«ating cablo section by 
compressive Ly «wagin<i at least one portion of a }uaotion-;tree 
electrical beating cabla to raciuco lta at said at loasfc ono 

portion P said cable ia at least as long as the ftfcrth formation 
interval to lie heated and comprise an axi^illy fll'l^ncd, uiaileahio, 
electrically conductive core surrounded hy granular mineral 
insolation within a mstal ahoath, 30 that avagrad portion voneratos 
heat at a rate hiqrher than the unBvaged portion; correlating the 

10 location OX said swaging With tho pattern of hG-at conductivity in 
the earth formation interval so that at IfcARt one oomprs solve, ly 
awagsd portion o£ the c«jola I* located atons? tho cable in a 
position auch that, when the cable is exteuded along the savth 
formation interval to be h^atort, the- cojnprosnivoly *w?igo<l sorttoti 
is adjacent to a portion of the earth formation interval in which 
die neat fionducitivlty is rolfctivoly higbp connecting firiid 
sol actively swaged heating cable section to at leaat one power 
supply cable and spooling the interconnected cables? and 
unspooling the interconnected cables into a welJhore along with a 

20 weight -supporting metal oondult. while periodically attaching the 
cable* to the conduit and extending the cehlea and conduit to a 
depth at which the conpreBuively swaged portions of the cahle are 
positioned adjacent to tno oarth formations having a relatively 
hi^h thermal conductivity. 

The invention will now he explained In moro uetail wath 
reference to the accompanying drawings, in which 1 
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Figvra I is a throe- dimensional i iluntxatiort Of an 
<5le<:tri;:aHy corul^cUvs cebi* cwitftiaclucr staged and nn^wsyad 
portions suitable for use In the 91'eDant invention. 

Piguicft 2 sohe^a^loftUy tUuntraces tbe *net*Iling of an 
oluctrlcal xesistanca haatar within the well in aceJGrdatlcro with 
the pcsRent tcvveutioa- 
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Figtrre 3 3hcwo a splice between a matal^shaatii^ insulated 
poxwr supply cable and a jratal- sheared insulated cabltl suitable as 
a heeting eleroent of th° present invention. 

Figures 4 aixa & illustrate spllcos for Q.Xa-itrioLilIy intar- 
5 connecting the conductive corea of a pair of iveta l-«?heatthBd mineral- 
innulated heating cablee suitable u& bolng cabJ.es in the pueeent 
Invention. 

figure 6 ahoxs an olcctrjcal joower supply circuit, suitable £or 
use in the present invention. 

IjO Tte preeent invention Is at leasfc in part premiiicd on a 

discovery that the propaartios of an electrical conductor (sixti as a 
itctal-shoathed solid iratHriAl- insulated electrically cucductive 
cable containing a single copper corol are sush that results of an 
application of oonpressive swaging to ths oitsidc of the metal 

15 tiieaeh are trananrittod through the inmilation bu tho core of W« 
cebXe in a manner each thit CftCJh of these ocnporjeTits are 
substantially ainrjltai)eojfily roSaced in cTOfis-aeLtiunal area toy the 
ssrc> relative ajnounta* The reductions In the cable care croas- 
flactiorwil area can be controlled to cause the swaged portion of tbo 

20 cable to generate a significantly higher ernovnt of heat per unit 

time than Ubafc which would have been gfjr.erate4 without the rouging, 
avraaa at a substantially icwer tE^rature. 

In a proforred oatoodiment of the invention r such ft swaging ie 
done- by a pTCOSSS oE rotary swaging, amounting to oo«pccssi];g the 

25 cablo with many blawa applied by rotating diefi. Rotating swaging 
devineB and techniques aro known and ccuTDencdally available-. Such 
T^achinad ccoironly oorrtaJ.n two die? which reciprocate rapidly as a 
spindle in which tftyy aru motifttod is rotated, A ccenpresaxve rotary 
swaging operation invnlves a hansnering action which hag fchn sane 

30 beneficial material on net*! as forging. It produces a desirable 
grain structure resulting in an increaaed tensile strength aiv3 
elasticity. The oolil (in tempera ture ) swaging tandB bo work harden 
ODflt metallic materials- If desired, such a hardening cvnn wade 
more flexible by axuie&lifty. 
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;tn a rotary swagirg operation, the extent to vrtiich the swagsi 
nwtterial :a reduced In cros»-se:rti.cx*a area can l^e controlled very 
accurate Ly. For e::awpla, slnco a (netaa-ebaatbadl solid material- 
insulated ooprpsr-cor^i ol^rically^conduutivc cable hetwp.B as a 
f3 yjdiJ iratcr.lal during a rotary awaging c^eraticn, such a cabte 

having a dlsnotjer OC from about 0.69 to 1.25 cm can be tfcaged to a 
reduced diarfOtjar with accuracy of abciJt plua or xtiinua 0.0025 cm. 

figure 1 illustrates swaged and unswaged porfeiona of a' cable 
preferred far use in the present invention, in tlie cable shown, a 
10 st&inloss steel abeath 2 surrounds a irdneral insulation 3 

consisting of highly oomprassed grains of raqneaiuin oxide and a 
wolid conductive core 4 of substantially pjre ccpp&r i& 
cnncentrJ.CjaLiy surrounded by the insulation and abeath. In a cable 
of the type shown, where tha inner and outor diameters of the 
13 Bheath J <itg 7,25 and 9 Ttni and thu diairotar of the cox* 4 ia 3 na f 
iu the uu swaged portion, the canite may ^sjiBTatB a temperature at 
abait 600 "C r >«ben conducting 180 eirpenc^s of alternating current., 
Howver, in a swaged portion of tJve cable having a <iiaroetc\r reduced 
by a bccrperaMire of about 850 *C is gervwratsd when tho cable 
20 ia cccidLiCtirjg the sarw rajzrent, in tha satne environment* 

In a oroUerred euhodurent, the present Invention can be 
utilised tar providing a fcrmaticm-tailare:* method and apparatus 
for raifomly hearting long interval* of subterranean earth 
formations at high temperature. Jconrdinq to this /tethed 
25 si^exranean intervals are. heated with an electric nsator 

oonta.tiUng at .l«?Ht one spoo .table stoel-she*thei mineral- insulated 
cabla having a salad central core of high clectfrical conductivity, 
such a unblo can be arraTi9e3 to heat tha earth fiorwa Ciena ao that 
boat i*i transmitted into the formations at a substantially uniform 
30 rate, even when the heating involvea more than about 330 watfca per 
tnatrx* at tecr^fiiratarQS between about 600 and 1000 a C. tt» urii^orndty 
of tlia bent traftiflib'Sion is ensured by providing the heater with a 
pattern of electrical resistances with depth vithin the well 



http://patentsl.ic.gc.ca/fcgi-bin/any2html 



11/7/2001 



* 



Ol253555dis.afp Page 6 



Page 2 of 3 



- 5 - 

caiwlated with the paccemi nf heat uandLictiv.Uy wich depth withiti 
ths surrounding earth formations „ 

Figure 2 shown a prafarred euiyxiircent of a wall neater erf the 
present invention bainy ins tailed within a well. AS dtvxHt a pair 
<^ of selectively sway^S heater cables with swigaa and unuv/acpeii 

portions of. the typs t2icwn l.n Ftgixre .1 are beirxr uns^ooled *.nlx> a 

from spooling one ana 5 and 6 while a support member 7, such as 
a wire lino or spool able metal conduit, is cmciii'tfently unspcolod 
into the xell from a spooling means (not shown) . T*ne lewer end of 
ID the support neArtfi 7 is attanhaa bo a. motor tasana S, SOT* as a 

pinker bar for a vertical well or a pimpebla or otb&r raocor ireana 
for a substantially horizontal wU. ?he loxer ends oJ: the heating 
©able, flvagedt portions lb/ are mechanically attached to a cable 
junction or end-connector 9 in vhlch the conductive ceres are 
15 electrically lnbercoTinevted (a& shown ia more <tetail in Vigure 4>. 
Tba jtiTOtiCffi 9 ia a lan msdiarric&lly connected to the support roairfaei- 
7, for eK-nrapLa by a strapping means 12. The lcwr^r oaKls of the cable 
porticos, Vihlch Are swaged for increased heating, arc olbctriceUy 
interconnected in the enct oamvector 9- and positioned to GKtcnd 
?0 through the zone d&lectad ror nsooiving the increased hearting. 

tie unawagecl portions la of the heattr^ cables , designed fbr 
minimal heating along tho aono to be heated, are positioned to 
extend above the srwaqed jxsrtions lb for a distance sufficient to 
reach & zoonc which ia cool ensogh for an ihtoroonr^c'tnon of tte 
2-5 heatto? cable poctionn la with pewar supply cables 10 by Tpeana at* 
joints or splices 11 for electrically and roadldsieally inter- 
' nonnesting the pOWOT supplying ar<d beafcirg cablea. Iho power supply 
cables 1Q ore arranged iJor CRrcyirjg a selected amount of our rait 
while generating Only a i&inlicftl aioount of heat, Tba details of 
30 suitable Trochanical arid electrical cable connecting joints for ubc 
vith natal-sheathed i^naral- insulated power supplying cables are 
illustrated in Figure 3, 

As the boating and power supply cdalas 1 and 10 axe run into 
thxa wall, alary vj.trh tJie weigbt.-ajpportLng strand 7, the cables are 
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perioditxilly attached to the atr-nnd 7 by usana of clones or 
strcippirrg cueans 1.2. Such clangs itTG arranged for creartiuy ft 
fraction tetweon the cables and att&od which iB sufficient to 
support the weight of 0\e lengths of tha cable? which are IcODtcd 
5 between the clasps. 

Figure 3 illustrates details of prefer wad arrangerontn of 
splices 11. fts shewn, the: power supply cafalu 10 haft a metal steath 
14, audi as a ceppar BhautJi, surrouniluig «n insulated olectricaUy 
ccofSuctivB core 13 having a asobitvition .ot crcsB^aectiunol area and 
10 electrical rcsls.tar.ee per unit 01' length adapting it to carry i*>a 
current bo be need \n the heating operation whilfi gerjeratlnr? only 
an insignificant anount of beat. A» shewn, the power cable sboath 
14 aB veil as a power cable core 13 arc larger thaw the sheath 2 
and core 4 of the unswtgoc* portim of heating cablo la. fte 
15 conductive cores of the cable are electrically interconnected , 
preferably by W3 J ding* tn <3eneral, the power cable can o^tiprise 
substantially any typ** of electrically conductive cable which 13 
adeqwbaly heat stable at the temperature gene raced by tha caicikrrujn 
heating port ion of a boating cable such as lrt. Where rbe niaxirruni 
20 selected hasting temperature is sufficiently low and/or tlie 
di staves batTween the power supply and zena to ba boated to 
adequately short, the cow^r supply cable can corporis^ a irotal- 
sheathed Trdreral-infeuiatod b-oli<<r-cared cable which is saioctJvel.y 
erwaged to pruvicte tlio elected heating tenperatjure &j that no 
25 splices six-h a-a eplicas 11 oro nooded. 

A3 3hown in Figure 3, a relatively short sleeve 15 f such as "a 
3teel sk&vc, is fiitted around and welded or braced, or otherwise 
n-acftamcalLy attached, to the aheath 14 of the power cable 10. Tho 
aleevH 15 la preferably selected to bavo an inner dianetfir foi-ming 
>0 an annular spaco between it ana aheabh 2 largo- ancugh to 

ciocccnrcifate a Bhorter stoel sleeve 16 fitted around the sheath of 
f;V& cable la. In a proiurrod assejiWing praoa3ur« f baforo inserting 
the short sleeve 16, BPjbscarjftially all of the annular t#*C3 between 
the cable core menfcexei 4 and 13 and oleeve IS ia filled with a 



http://patents i .ic.gcxa/fcgi-bin/any2html 



11/7/2001 



Ol253555dis.afp Page 8 



Page 2 or 3 



- 7 - 

pondered mineral insulating material &uch as magnesium oddc. The 
insulating material ifc preferably deposited within both hhe armulnr 
spsce between cable cores and the eleeve 15 its weU as the 
space between the slaavo 15 and the nheath 2 of the cable la, and 
ft vibrsrted to octrpact the mass of particles* Cleave 16 oan tlien toe 
driven Into rts space betwacn the si ewe 15 and ahaath 2 so that, 
tha moss of mliieraX inflating particles In compacted by the 
driving force. Slocves 15 and Ifi and ataaath 2 are then welded or 
braced togetl^r. 

10 Figure A illu&tratcs details of an end connector or splice 9. 

As shewn, cables lh arts oxter/ted thrmicjh holed in a steel block 9 
so thflU short aectLcns lc extend into * cylindrical opening in die 
central portion of tt» block- Hie electrically conductive coreg of 
tha cab las are welded together at weld 17 ana the cab.ta shoaths are. 

1? tffcldod to block 9 at we Ida IB- Preferably, the central conductors 
□f the cables are suraevttded by a hent etffblc olectricai insulation 
guch as a niiisa oC compact powdered mineral particles and/or by 
disc? q€ ceramic materials (not shown) , after vdiich tha central 
opening is seated, for example, by srelding-on piecea of steal {not 

ao shown) * Where the heater is supported , as shewn in Pigura 2, by 
attaching It bo an elongated cylindrical structural member 7, a 
groovo 19 is preferably farmed along on oxtcricr portion of end 
spiiOT 9- to mate with tha sfcxuotural mentor and faciliceta the 
attaching of the end piece bo that member , for axarnole, by a 

2^ gtracping mparts 12- 

Ti^ure 5 shaw9 a preferred type of e*d connector which 
cluiunatea the need for cutting and elding a heater ohMa to forw. 
a pair nf heater cablcis, such as cables 1.6 » 'lhe heater cable is 
simply bent into a U-turn and inechanio&lly clampad to block 20 by a 

30 tool bed-on clamping pi arte 21. The- block 20 is preferably provided 
with grcowe 22 to facilitate the clonping of it to a cylindrical 
structural maiiber sach a* the cylindrical nrarubor 7 shewn an 
Pleura 2. 
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In general, rha power supplying elxsneafce can cenrpriet: 
substantially any or lx: sy&tan c^p^Le of causing a bautar of 
tba present type ro heat at th© selected re.lal:ively high rate Such 
a beating rata can be about 3 3D watte r^r iretre or roorfs, 
5 Figure S is a diagram of a preferred fcrran^eeneufc of 

alternating current electrical power supplying cleaieptfl suitable 
for the present typo of heater. This arraiigertont Includes two 
inverse, parallel p eilioon-ooontrolled rt»ctifiera OCRs) In ths 
circuits of hoth elements of a two-^sdeniesit heater « in such a 
10 baiMtc&a systecn the heater lags should be ot equal resistance 90 
that tha <xible ooce juewtion, paint A, (witton end oanneotor 9) can 
rarain at zoro voLtcMTe or virtual ground potential, Vte sheaths of 
the heater cables are connected to the grounded centre Tap of the 
transformer ttfjcnncJary- Sirica point A repreoents the waldad 

13 conrjQCtion within the end pito© V, the potential difference between 
tho connect ion and the housing will fco zero tor ail practical 
purposes. Ihsss points rauld be in electrical contact without any 
cenduction of current* fct points advancing upward alcng the lege of 
the heater, the potential differ ewos batwfccm tho sh^ths and the 
20 central conductor oan ittensase and finally reach tnaxinufli3 such aa 
plua or minus. 240 V. 

m various b! tuitions in which an elongated space ia to be 
heated, the in aitu thermal conduction tray vary sisnificzritly 
vithin various layers or locations alXKiqr that apace. A mora hoat 

25 oondi>ctive layer will carry off thft hoat generated by a heater 

.faster than a lesa conductive layer. Au & result, tire temperature 
xnaintained by an electrical rciaistanca hotter carrying a qiven 
<a*ncttnt of current will V« Ijower opposite u ctors conductive layer » 
In situations in v.hich it is desired to maiirtain a tlAt or uniform 

30 heating rate aloJtg the Space bcj.rg heated, it ia dasirablo to 
reduce the neuter core cross-sectional area in order to generate 
hj&at at the aane rate as that in other port ions of the heater whJch 
are hotter. 
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An oloctrical resistance heater can be caueud to ^CDcrate 
selected hearting rafcefl at different looafci.nna alocig the heater Iry 
installing hoater sections contain Irxrj conductors of varying czos?s- 
sections, 'ttie bjuaLl^r care or oanductor crces-secticnB exhibit tiyot 
5 resistance to thu electrical current flew and thua generate teat st 
a rate higher than weald be generated by a tnickor core at the sore 
ten^orature. Far exaaple r it can 'neat at a selected rate at lu«cr 
tanparature existing along a relatively more heat crtxSucuAve Layer 
or cctic: within tha apace i«irvg heated, 
AO The present invent i en provide? a method o£ casing a heater 

having &n QlectricaUy conductive core which ia continuous and. 
unitary to generate constant and/or selected aramta of heat aicsv? 
one or a multiplicity of different portions of the heater without 
requiring a multitude of heating cabl* splices. Particular ly where 
15 the heating is tn ba conducted at relatively high tcn^cratnrrea for 
long times, veldiog problems and opportunities- fior leakage are 
inherent in any cutting and splicing of electrical hjft&tin? cables. 

In respect to an electrical resistance heater comprising a 
pair of electrically iutnrconnactad ratal-sheathed solid iciitcrial- 
20 inaulate=( cables each containing a malleable cretal. electrically- 
conductive ocre f fciar gets of rotary switching dies can be arranged 
for providing yxarcentages of tfiarretrical roductiens of 6, 12/ 19 
and 24 in the initial overall diameter of oach cable ani its 
conductive cora. "By reducing ore portico of the cable diameter by 
5% and soother by 12*, the overall reduction is 9%. IV such 
procedures , tha overall croiss-sccticoal reductions for both legs of 
the hsater can be provided in eight steps of roughly 105 each. For 
example, see Vhe fallowing table: 
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DlAMBTfUGATj HEDITCTW 


OR03S-f5EOT7CtlAt, REDUCTION 








LSG 1 


LEG 2 




0 


6 


1U6 


6 


6 






12 




12 


12 


45,1 


12 


1.8 


55,3 


13 


L9 


55,5 


1.8 


24 


75.0 


24 


24 





la such a procedure r if the sbcwe-deacribaA praforrool pcwsr 
supply is to be used, it is mcsssary that each leg of tha heater 
after reductions in its core diameter have en overall resistance 
equalling that of the otter leg after reductions in .it 3 o.ine 
S diacrater. This Is necessary to ensure tho rero voltage potential of 
the interoonnectodl collectors in the end pi<2ce. T^USp it is 
necessary to divide- the overall extents of electrical core 
raductLcna evenly over both lengths of the heater. 

Substantially any DOHprosalve swatfir>9 procedure which is or is 
10 Buhstanttally equivalent to rotary a/a<f£ng can suitably bfc ased in 
porarrtisitig the present invention „ 5&arr>i>les of swaging nHchireis 
and/or techniques which c«m. ouitably to used are .inclusive of diu 
closing aw^ging machines, such as those jfinufacKured toy The 
Torrirsyton CU:npany, or Abbey Aetna ^ chine Cbffpany or rcftn 
t.5 M?nofacturirg f etc. 

Pl-wbt au^ply cables capabLe of transnittiiig the amount of 
current selected to be upod whlia generating only a relatively 
Insignificant amount of heat and having sufficient thermal 
stability for electrical and rwx&uniaal atiiachnwit to thu metal 
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sheanhftd cable seluuted for generating a cainifoo ancuiit of heat can 
suitably be uned in this lnvent-ton. Exariplafi of sooh cables incluria 
those ava.i.l-atjJa as Q ICC/ Pyrotcnac t^T cablets. 

la general, in a rd taut ian in which an electrical conductor 
5 reed not £o insulated, the pre stent invent ion ran be tiractised *vtth 
substantially any electrical conductor which in continuous and 
unitary (i.a. is a cemtinucua tody froo of interconnected ' accents 
ox strarjdafr end has a core or can dec car thickness (i.e. a cross- 
aecfcicoal area of the electrically conductive fraterlal) 'vhicb is 

10 different in different locations along the length ot the electrical 
conductor, Pref erred alo^trioaS conductors crcqprise snv/te 
conductive corea of malleable metals or allnya surrounded by a haat 
stable- colid insulated ira-berial witJUn a beat stable K&tAl slteath 
Buch as refractory pewcer or solid fibre insulating materials 

\5 wAfcbiu oo^er or stt»l aheatha* A copper core surrounded by 

powdered uiagrwaium cxtdo within a copper ahefith for use at moderato 
temperatureta, or a stainless steel sheath for use at W-gh 
tcarpcraturea, is particularly preferred, 

in general, the present invention can te utilized to initiate 

20 ani Jtaiutaln a substantially uniform rate o£ heating along a space 
containing At least one portion having a relatively to* rato of 
lieat conductivity and/or to establish and mint?. J n a relatively 
high rata of boating along selected portions alar*? * sfeaa 
. throughout tjhich the race Of. heat conductivity is nearly uruforni- 

25 xte variations in haa± carKluc-fcavity with diatanua &lcog an 

eLcngated path can be determined by mean" of numerous knavn. wid 
available de ; ;ioea and technic^ifts. 

m a particularly preferred procedure for utilizing the 
preswnt invention Cor heating ulcng a path along Which the h*aflt 

30 conductivity is nmvwitarm, a selection is mads of the rate of 
heating to be provided when an electrical conductor having th& 
coT^oeititai to ba used, is conducting tha amount of current to ba 
used within n honeganocus medium haying tha icwetit heat 
conductivity to be encountered aJcng the path to be heated. The 
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maximum thicknaatf for t'ne elentrionl OOttductar to ba usod is then 
the ttiickneaa which providsa that rata of hsatiiv? in that 
situation, 'the thickness of portions of the conductor to b» 
positioned altmg porticos ot %\vt path which have higher heat 
5 rand activities are then itc.de thinner bo an extant substantially 
cenpensating for the mors rapid c ortfuc t i ng^a^y of the heat by 
those higher haat oaoiduntivittas. 

Alternatively, where it if desirable to gienerats heat at 
relatively rapid rates along portions of a path to be heated (for 

10 example/ along tcp and bottom portions of a Riibterranc&n oarth 
fcmrauim) such an arrangement can ba mado, a.Vcha.igh the- tout 
conductivity may be substantially uniform all alcug the path to ]je • 
heated, ttw conductor thickness an* resistance to be uesd nUmg 
mast oi the cable eoosSuctox arc select to provide the se-lfleted 

15 rata of heating along a homogeneous material having the luiat 

conductivity ajrruco to aoflt of tho interval to be hearted. Then r nha 
wore rapid heating rate along aeicKAea portions of the path can be 
obtained by thinning the parfcior«i of tha conductor to be exteidad 
along those portions of! the path* 
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TK2 ^BOTOIRJITR OF THE INVENTION III WHICH AM SXCLUSIV3 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DBFIUfiD AS I'Otl.OWS: 

].. In a fi-ocaas in which subterranean earth f orwat Xm\b 

within an interval more thau 10(1 teet long are hOfcCtxi to A 
temperature o£; tnoro than 600°C. , ao that haot is injected 
substantially uu* f orwly into that icitetval, an improvement far 
cotiSti'UCtlnfl and installing a heater having an electrical cable 
heating section wlitoh ift /free of eplic^fc, comprising* conatr ucticifl 
dAifl llft&^J.n^f caiftle aection by compress tveiy swaging at least on* 
portion o£ a juootlou-tree elect deal he&tinv cabla to r&4uce its 
size At Said At lo-aet one portion, said cable is dt least as long 
aa the earth formation interval to Seated and comprises a.h 
axia.V\y a\lqrn^d r mhlleahla, olsctrically conductive core 
surroundod by granular suU;veral Insulation within a ttet&i stUAth, 
so that swaged portion £«n»9rates heat at a rato higher than the 
utt&vaged portion; correlating thfi looation of 3ftid swaging with 
the pattern of heat conductivity in tho aarth formation interval 
BO that at Lo&flt en© comprasalvely swaged portion of the cable is 
located along tha cable in a po«itiOft Buch that, wh*n tho tfAblc is? 
extended along Ch« earth formation internal to he heated, the 
cowproHsd valy svaged portion ia adjacent to a portion of tlic earth 
Coroiatlon lutcrval ifl which tha boat conductivity ia relatively 
high) connecting said selectively waged heating cable aoction to 
at leaBt one pow«JC supply cahift *ind Spooling the Interconnected 
cables* and unapoolin<r the interconnected cables into a Wellborn 
along with a weight- supporting metal conduit vhilo periodically 
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iiXichtuq tUe cable* to tl\e conduit, a.ud attending thfe cable b and 
conduit to «t do$t)i at which the coinp tensivoiy ftvan'od potfciona ot* 
the cable portioned adjacent, no t-U*s eartfc torraaviona Uaviog a. 
r«ilativ&lY high thermal conductivity. 
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A_D 3 TRACT 

fffiftnKG HATS VARIANT 
ELOKGJiTED BKSI9TANCB HEATER 

An electrical resistance foeacsr capable of gtxxsratirig teat at 
different rates at different lotfitians a.lcng ita length crarprisss a 
ccntinunoa arid unitary electuical conductor having a thickness 
which is different at different locations aloug its length. 
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